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[57] - ABSTRACT

A geothermal heat flux transducer includes a plurality
of insulating slats on which constantin wire 1s wound
and each half turn is coated with a silver layer to pro-
duce a hot junction and a cold junction per turn of
wire. The slat with wire thus coated 1s assembled with
insulating material between adjacent slats such that
silver coatings on adjacent slats face each other and
also uncoated wire half turns on adjacent slats face
each other. This allows a multiplicity of thermal junc-
tions thus formed to be assembled in a small package

-which may be suspended in earth bore holes in mine

shafts or otherwise below or above ground for measure-
ment of heat flow emanating from sources far below
the earth’s surface. Variable heat flow occasioned by
diurnal and/or seasonal variations are accounted for in
ascertainment of that steady heat flux flowing from
geothermal sources alone. The transducer is of special
dimensional proportions with parts specially related
both structurally and thermally.

20 Claims, 8 Drawing Figures
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GEOTHERMAL HEAT FLUX TRANSDUCERS

" The present application is a continuation in part of
our U.S. patent application, Ser. No. 532,925, filed

Dec. 16, 1974, now abandoned and ass:gned to the
same assignee.

The present invention relates to unproved means and-

techniques for measurement of heat flow from a source
far below the earth’s surface. |

An object of the present invention is to prev1de an
1mproved heat flux sensor or transducer particularly

useful in developing an electrical output responsive to
heat flow from geothermal sources.

Another object of the present invention is to provide
an improved geothermal heat flux sensor usmg novel
techniques whereby a multiplicity of thermal junctions
may be included in a small package adaptable for use
either on the earth’s surface or below the earth’s sur-
face in, for example, bore holes or mines or on the
ocean floor. | |

Another object of the present invention is to provide
improved means and techniques whereby meaningful
readings of geothermal heat flux may be obtained in

electrical form without the necessity of drilling a bore
hole.

Another object of the present invention is to provide

an improved geethermal heat flux transducer which is
direct reading.

Another object of the present invention is to provide
improved means and techniques for obtaining measure-
ment of geothermal heat flux with such measurements
being relatively insensitive to diurnal and seasonal vari-
ations.

‘Another object of the present invention is to provide
improved means and techniques for measurement of
heat flux and which obviates the necessity of spaced
thermistors, the obtainance of core samples and mea-
surements of thermal conductivity of such core sam-
ples, as was necessary in prior art practice in attempted
measurement of geothermal heat flux.

Another object of the present invention is to provide

improved means and techniques whereby geothermal
heat flux may be measured more simply and accurately.
~ Another object of the present invention is to provide
an improved heat flux transducer which obviates the
necessity of making temperature differential measure-
ments at different depths below the earth’s surface.
- Another object of the present invention is to provide
an improved heat flux transducer which is particularly
useful in measurement of heat flux through ocean, lake
and river beds. | | |

'Another object of the present invention is to provide
an improved heat flux transducer which may be accu-
rately calibrated to measure heat flux directly without,
for example, utilizing the cumbersome technique of
measuring a bed temperature gradient and then deter-
mining the heat flux by multiplying this gradient by bed
thermal conductivity determined mdependently |

Another object of the present invention is to provide
an improved heat flux measurement system which may
“involve a large number of small, flat heat transducers
which when thus used, has the advantage of being able
to conform to rough ocean, lake or river bed bottoms,
with the advantage that the system involving large sur-
face areas then automatlcally ylelds an average flux
value. |

Another object of the present invention is to provxde
an improved geothermal heat flux transducer which
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‘requires no external power source, with the electrical

output of the transducer being applied to a sm':ple cur-

rent or voltage-measuring means.

 Another object of the present invention is to provide

~an improved geothermal heat flux transducer which has

a relatively small thermal resistance compared to, for

example, ocean, lake or river bed thermal resistance.

 Another object of the present invention is to provide

~ an improved geothermal heat flux transducer which
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includes a large number of thermopile junctions ex-
tended over a large area to produce a meaningful,

large, direct current output that requires no amplifica-
tion whereby high accuracy may be achieved and main-

tained.

Another object of the present invention is to provide
an improved geothermal heat flux transducer which is
uniquely adapted for connection in a series electrical
circuit with other like transducers to obtain more
meaningful indications of geothermal conditions than
has heretofore been possible.

The features of the present invention which are be-
lieved to be novel are set forth with particularity in the

appended claims. This invention itself, both as to its
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organization and manner of operation, together with
further objects and advantages thereof, may be best
understood by reference to the following description
taken in connection with the accompanying drawings
in which: |

FIG. 1 1s a perspective view illustrating one form of
geothermal transducer constructed in accordance with
features of the present invention.

FIG. 2 is generally a top plan view of the same with
internal construction indicated by dotted lines.

FIG. 3 1s a sectional view taken substantially on line
3—3 of FIG. 2.

FIG. 4 is a perspective view of portions of the internal
construction of the transducer in FIG. 1-3.

FIG. § illustrates the construction and nature of the
individual thermopile units and their interconnection,
the actual transducer of FIG. 1-4 having more than the
six thermopitle units shown in Figure.

FIG. 6 illustrates portions of the two thermcr-plle units
with a portion of a typical spaces mterposed in final
assembly. |

FIGS. 7 and 8 are perspective views lllustratlng other
form of the transducer, each of which is prowded with
a pair of carrying handles.

The transducer illustrated in FIGS. 1-6 mcludes
multiplicity of thermopile units 10 positioned and inter-
connected with each other in a unique manner with an
insulatory spacer 11 sandwiched as illustrated in FIG 6
between adjacent units 10.

Each thermopile 10 as seen in FIG. 4 involves the use
of a rectangular bar or slab of insulating material re-
ferred to as a core 14 around which a multiplicity of
spaced turns of wire 15 is wound. The wire 15 may be

-constantin. After winding, a silver coating 18 is applied

to one-half of each wire turn so as to produce a pair of

60 Junctlons 16, 17 per turn where the silver coating 18 on

each wire turn terminates. The junctions 16 are re-
ferred to as hot junctions, and the other junctions are
referred to as cold junctions 17.

Preferably the silver coating 18 is formed by electro-

65 deposition in which case a slab 14 with wire 15

wrapped around it 1s immersed to only one-half of its
thickness in a silver solution so that when voltage is
applied to electrodes in the silver bath, a silver coating
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1s applied to only the immersed portion of each wire
turn.

The individual thermopile units 10 in the:r final as-

sembled condition as illustrated are so related that the
silver coating 18 on one unit 10 faces the silver coating

18 on an adjacent unit. 10 and the uncoated wire 15 on
one unit 10 faces the uncoated wire 15 on an adjacent
unit. As seen in FIG. §, adjacent facing uncoated wire
ends on adjacent cores 14 are interconnected by a wire
20 at one end of the core 14 and adjacent facing silver
coated ends on adjacent cores are interconnected by a
wire 21 at the other end of the core 14.

The 1individual thermopile units are thus connected in
a series circuit wherein the individual voltage devel-
oped between corresponding cold and hot junctions on
the same wire turn in each unit 10 is in voltage adding

relation and the output leads for the composite thermo-
pile are the leads 23, 24.

The assembly of units 10 into a ccmpos:te thermeplle
referred to genera]ly as 30 is suitably housed. In FIGS.
1, 2 and also in FIG. 7, the housing is circular and is
formed by a short tubular housing element 35 which is
closed at opposite ends by disc-shaped housing ele-
ments 36, 37 such elements 36, 37 being secured using
a series of bolts 38 with a sealing O-ring 39, 40
squeezed therebetween. Preferably a filter material,
such as a conventional potting compound 43, fills the
space between the composite thermopile 30 and its
housing 35, 36, 37 with the output lead wires 23, 24
(FIG. 5) being a part of a cable 46 which terminates at
a conventional electrical connector 48 mounted on
closure plate 36 for reception of a connecting cable 50
(FIG. 1). This cable connection 50 may also be located
on the arcuate side of the transducer. |

- The housing 35, 36, 37 in FIG. 1 is adapted to be
supported by cable in, for example, a bore hole
whereas the housing in FIG. 7 is intended to be used
above a surface and is thus provided with carrying
handles 52, 53. In FIG. 1 three cable brackets 62 on
lower closure plate 37 have support cable 64 attached
thereto and to assure predetermined location of such
cable which might otherwise interfere with thermal
conditions that affect the transducer a cable guide
structure 70 comprising rigid wire extending parallel
with the three cables is secured at three locations on
the upper closure plate 36 and terminate at an apex as
illustrated. The cable 64 may be secured to this guide
structure 70 to prevent the possibility of any part of the
cable resting on the closure member 36 and thus unpre-
dictably changing, however slightly, thermal conditions
in the vicinity of the transducer.

- Instead of the housing being circular, the same may
be generally rectangular as defined by the three ele-
ments 72, 73, 74 in FIG. 8 with a pair of carrymg han-
dles 76 on hcusmg element 72.

As an example, the core members 14 in the form of
slats may be 3 inches high designated by the dimension
T in FIG. 4, 1 inch wide designated by the dimension W
and 12 inches long designated by the dimension b in
FIG. 5. The spacers 11 may be one sixty-fourth of an

inch in thickness and be of fiber glass or bakelite. The
wire may be 0.005 inches in diameter with approxi-

mately 400 cold and 400 hot junctions in one unit 10,
and there may be twelve such units 10 with a resulting

number of apprcximately 4,800 cold junctions and

4,800 hot junctions.
It is noted that the vertical temperature gradlent in
the upper layers of the earth’s surface changes from a
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time-dependent function (which reflects diurnal and
seasonal variations) near the earth’s surface to constant
values which characterize the geothermal fluxes at

greater depths. When a geothermal heat flux trans-
ducer 1s located below the upper transient heat flow

layer, say 1n a mine tunnel or a filled hole, the geother-
mal heat flux in that area can be measured with such a
transducer. It usually takes several days for a steady
state to be reached after the transducer has been posi-
tioned. When the geothermal heat flux transducer is
located at the earth’s surface, it measures the compli-
cated transient diurnal and seasonal heat flux variations
in operation. These flux levels are several magnitudes
greater than the geothermal flux. It is possible, how-
ever, to obtain geothermal heat flux measurements at
the earth’s surface by covering the transducer with a
large blanket containing thermal resistance and capaci-
tance, similar in magnitude to those values for the earth
layers that would lie over a transducer positioned in a
shallow mine tunnel.

The drawings are intended to show the preferred
form of the invention wherein the wire is wound on the
individual cores in the same direction and this may be
accomplished in a winding process wherein the cores
are all initially axially aligned and the wire is then
wound successively on the aligned cores, all in the same
winding direction, with, however, sufficient length of
wire in the form of slack being between adjacent cores
to that subsequently the individual cores may be posi-
tioned relative to each other in side by side relationship
as shown in the drawings.

The novel concepts and constructions are particu-
larly useful in developing additional energy sources, in
locating and surveying geothermal reserves under the
ground. The special constructions and applications of
heat meters described herein are capable of increasing
the effectiveness of identifying and qualifying potential
geothermal reserves. .

It will be seen that the geothermal heat flux trans-
ducer, in general, consists of a central core, which
contains a multiplicity of elements in the form of a
thermopile that measures the temperature gradient
across a fixed thermal resistance which mounts the
thermopile winding, and a guard ring or zone that sur-
rounds the core so that unidirectional heat flow exists
in the core. This fixed thermal resistance is the thermal
resistance of the matenial of the core 14 and the guard -
ring 1s that potting compound 43 that surrounds core
14. The temperature gradient through the core 14,
which is measured in terms of a thermopile output
voltage, i1s proportional to the heat flux flowing be-
tween the hot and cold junctions in the direction and
through the distance designated by the distance T in
FIG. 4. Special unique dimensional proportions are

embodied for attainment of enhanced core sensitivity.
For this latter purpose the thermopile elements are

narrow and very thick (contrary to elements of previ-
ous transducers) and are stacked together in a core
matrix that has a good aspect ratio. The core and guard

ring are then sealed in a special waterproof housing
that has umque features and assures that long practlcal

life which is essential. |

The term aspect ratio refers to the ratio, T/w which in
this specific example is 3/1 equals 3. Preferably this
ratio T/w is within the range of 1 to 6. In a typical prior

art transducers for general use this ratio is much less

than one and in a typical instance the comparable T is




5
1/16 inch: (one-sixteenth mch) and the assoc:ated w18
1 in which case the ratio is 1/16.

“The potting compound 43 serves dual functions one
of which is to provide a guard ring or zone for minimiz-

ing or eliminating. heat flow fringing, i.e., to assure

parallel heat flux lines through the core. -

The resistance of the core material and resistance of
the guard zone is preferably substantially the same and
also similar to the surmundmg earth strata. -

Also from the foregoing it is seen that the ratio T/b=
3/12 = 0.25. This ratio of T/b is preferably within the
range of 0.1 to 0.5. This prefered ratio T/b like the
other ratio T/w is also substantially higher than taught

by the prior art where a typical ratio is 1/16 /4 = 1/64
= (.016.

These high ratios are essential considering the fact
that geothermal flux is to be measured in the presence
of other heat flow occassioned by day and night diurnal
variations and also longer term variations cccasmcne,(
by calendar or seasonal variations.

When the geothermal heat flux transducer is located
on the floor in a deep mine tunnel (with little or no air
flow in the tunnel), the geothermal heat flux may be
measured directly. If the heat flux transducer tempera-
ture at the time it is put into the mine is close to the 2

mine temperature, a steady state reading may be

. {qlA)Z Dﬂ

T+ YCpD

T + T, 8

achieved in from 10 to 20 hours.

When, on the other hand, the geothermal heat flux
transducer 1s used at or near the earth’s surface, other

5T _ (q/d),

& yCpD ©

1=

"ﬂ'

Dﬂq

factors, discussed analytically below are taken into
account under the following headings A, B and C.

A. Transient heat transfer in the upper layers of the
earth (near its surface) is occassioned by periodic diur-
nal and also seasonal penodlc surface temperature
variations as well as the constant geothermal heat flux
coming from great depths.

The analytical representation of periodic boundary
temperature variations may classically be expressed in
terms of sinusoidal series functions (fundamental and
harmonic terms). For the sake of illustrating the princi-
ple, consider a semi-infinite solid, i.e., earth with a
simple cosine fundamcntal surfacc temperature func-

tion and a constant temperature-depth gradient that is:
equal to the geothermal gradient at a great distance:

below the surface. This boundary value problem is
defincd by |

oT_ _
YA

50

. -(.l.)

- (classical conduction equation)

with the following two Boundary Ccnditicns:“ '

T=(Z=0,8)=T;cos 2w -3—’

+ 7o _Bcundury_ Condition I -,
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9) ==

= DBCp Bcuntiary Ccndltlcn I

These conditions take into account the gcotherma] flux
with a superimposed periodic surface temperature vari-
ation, either periodic diurnal or longer term periodic
seasonal. .

In accordance with the following nomenclature it will
be seen that the expression q/A represents the geother-

mal gradlcnt
where

T temperature of thc earth at depth Z
Z depth below the carth s surface
6 time
6, period of the cosine surfacc tempcraturc function
- (either diurnal or seasonal as the case may be)
T, amplitude of the cosine surface temperature func-
tion -
To mean boundary temperature (q/A), geothermal
heat flux |
D thermal diffusivity of earth
v density.of earth
C, heat capacity of earth
The solution tc this boundary value problem is

- (4)

\IET)

and. thlS cquatmn when dlffcrentlated Wlth rcspcct to
depth appears as equation (5) below and it reprcscnts
heat flow in the ground. L |

(5)

These equations (4) and (5) show that the periodic
temperature and heat flow amplitudes decrease with
depth below the earth’s surface.

B. With respect to the Thermal R-C Matrix (Blankct)
and its Application in order to use a heat flux trans-
ducer at the earth’s surface to measure the geothermal
heat flux at the earth’s surface in a manner uninflu-
enced by diurnal and seasonal variations, the sensor is
covered with a matrix of material that contains suffi-
cient thermal resistance and capacitance so that the
diurnal and much of the seasonal heat flow variations
are damped out. The thermal resistance used in the
matrix may consist of any good insulation such as layers

of closed cell insulation. The thermal capacitance of

the matrnix may consist of any material having good
capacitance such as water. An important parameter
that exists 1in the analytical damping function of such a
matrix or blanket is the thermal diffusivity, D,, which is
composed of the thermal resistance and capacitance.
The lower the thermal diffusivity, the greater will be
the dampening, i.e., a low diffusivity, D,, is desired. It
is possible to choose matrix materials that have better

(2)
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thermal resistances and capacitances (and lower dif-
fusivities) than those of earth and rock. Consequently,
a relatively thin thermal matrix can be constructed to

cover the heat flux transducer. Calculations show that
one can damp out a diurnal variation with less than one
foot of good low-diffusivity material.

Considering typical ratios of the amplitude of the
diurnal heat flow to the geothermal heat flow, at the
earth’s surface (Z=0), this ratio may be as observed
from actual measurements, on the order of 2,500. At a
depth of two feet (Z = 2), this ratio may be unity for a
representative soil diffusivity. In contrast to diurnal
heat flow, in the case of seasonal heat flow the ampli-
tude (maximum value during the period of one year) of

the seasonal heat flow to the geothermal heat flow may
be of the order of 400 at the earth’s surface. In order to

reduce this ratio of 400 to unity one has to place the
transducer below the earth’s surface to a depth of

about 30 feet (Z=30).

Thus, comparing the diurnal and seasonal variations,
in the former case the relativity short periodicity repre-
sented by 6, = 24 hours involving a ratio of 2,500 may
be damped out at about 2 feet but the longer term
variations in the latter case represented by 8, = 365 X
24 = 8760 hours involving a ratio of about 400 may be
damped out at about 30 feet.

To obtain an accurate measurement of the geother-
mal heat flux, it is preferred that the amplitude of the
periodic heat flow (either diurnal or seasonal) to the
geothermal heat flow be less than unity (say, in the
range of 0.1 to 0.5). This may be done for the diurnal
case by using a three quarter foot thick thermal R-C
matrix that has a lower thermal diffusivity than that of
the earth. In the annual heat flow case, a thicker matrix
is preferably used (say a thickness of about 10 feet). In
many cases, such a ten foot thick matrix or blanket is
unwieldy. One may use a thinner matrix, however, by
choosing the times or time in the calendar year when
making the heat flow measurements.

Specifically, as seen from the periodic heat flow
equation [equation (5)] there are two time periods
during the year when the periodic temperature gradient
(or heat flow due exclusively to seasonal variations) at
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a given depth is zero or nearly so and only the geother-

mal gradient {(or heat flow) remains. It is at such times
that geothermal heat flux measurements are preferably
made with a thermal matrix or blanket covering a heat

45

flux sensor at the earth’s surface, such matrix being

used primarily to damp out diurnal variations.

C. With respect to thermal R-C Matnx or Blanket
Specifications, in order to obtain a thermal R-C matrix
or blanket with a low thermal diffusivity, a mixture of
materials is preferably used that has a low equivalent
thermal conductivity and a high equivalent thermal
capacity per unit volume (i.e., product of the specific
heat and density). Closed cell insulating foam and
water are two good matenals that may be used as the
two componets. The foam may be in layer form with
water in between the layers or the foam may be in the
form of spheres, submerged 1n a flat tray of water.

These materials may be arranged in a number of differ--

ent ways, for example, thin walled plastic tubes or flat
channels sealed at the ends and filled with water may
be deployed in one or more layers covered or separated
by one or more layers of closed cell foam insulation
sheets. The water may also be contained in flat rubber
bags similar to water mattresses. When such a mixture
1s assembled (say, for equal volumes of insulation and
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water), the resulting ratio of equivalent thermal con-
ductivity to the product of equivalent specific heat
times density (thermal diffusivity) is about eight times
less than a representative diffusivity for earth. Analyses
for the properties of the two-componets thermal matrix
are outlined as follows:

‘The equivalent thermal conductivity k., for a two-
component, e.g., water and foam, layered mixture ma-
trix or blanket may be represented by the following

equation (6):

1 (6)

" Vs
Ky t Ks

Keq =

where v,, v,, volume fractions of the two-componets
ki, ks, thermal conductivities of the two-components
The equivalent thermal capacity per unit volume

(product of specific heat times density, C, y) for a two

componet mixture 1s:
(Cp ?)ffff_=_u! Cpl'}’t +‘I"E Cpﬂ Y2 (7)

where C,v,, Csy2, are the thermal capacities per unit
volume of the two-components. The subscript 1 refers
to air and the subscript 2 refers to water.
For v, = v, = 0.5,

k, = 0.02 Btu/hr ft °F, k, = 0.35 Btu/hr ft °F

v, = 0.08 Ibs/ft3, vy, = 62 lbs/ft®

C, = 0.25 Btu/lb °F, , = 1.0 Btu/lb °F |
These values when substituted in equations (6) and (7)
result in:

k.q = 0.038 Btu/hr ft °F

(7yy) = 32 Btu/ft® °F

D., = 0.038/32 = 0.0012 ft?/hr
Considering also that:

the equivalent diffusivity, D,,, is about eight times as
low as that for representative earth, which means that
the matrix thickness may be about 1/ V'8 as thick as an
earth layer of equivalent damping in the case of either
diurnal or seasonal damping.

While the particular embodiments of the present
invention have been shown and described, it will be
obvious to those skilled in the art that changes and
modifications may be made without departing from the -
invention in its broader aspects and, therefore, the aim
in the appended claims is to cover all changes and
modifications as fall within the true spirit and scope of
this invention.

We claim:

1. In a system in which it is desired to ascertain the
flow of heat from a subterranean geothermal heat
source wherein the improvement comprises a generally
planar geothermal heat transducer structure encom-
passing a large area through which heat flux from said
source flows and a multiplicity of thermal hot junctions
and associated cold junctions uniformly disposed in
said structure throughout substantially all of said area,
said hot and cold junctions being on a mounting struc-
ture which has a vertical dimension in the direction of
heat flow at least equal to the horizonal width of the
structure and companion hot and cold junctions being
spaced a distance equal to said vertical dimension, and
means surrounding said mounting structure for pre-
venting heat flux fringing to thereby assure parallel
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heat flux flow lines through said mounting structure,
satd mounting structure and said preventing means
having substantially the same resistance to heat flow.
2. The combination set forth in claim 1 in which said
heat transducer structure is on the earth’s surface but is
covered by a blanket for substantially minimizing the

effects of diurnal and seasonal variations on said trans-
ducer.

3. The combination as set forth in claim 1 including
a plurality of insulating cores, a wire wrapped around
each core to provide a multiplicity of turns of wire
around each core, substantially one-half of each of said
turns of each core being coated with a different mate-
rial than that of the wire to produce a hot junction and
a cold junction per turn wire on each core, coating
portions of said wire on adjacent cores facing each
other, uncoated portions of said wire on adjacent cores
facing each other, and connecting wires between said
cores connecting the hot and cold junctions on all of
said cores in electrical series relationship.

4. The combination as set forth in claim 1 in which
heat transducer structure has handles for carrying and
placing on the earth above said heat source.

5. The combination as set forth in claim 1 in which
sald heat transducer structure has cable means at-
tached thereto for suspending said structure.

6. The combination as set forth in claim 1 in which
said heat transducer structure has means mounted
thereon for maintaining said cable means in a predeter-
mined position relative thereto.

7. The combination as set forth in claim 3 including
means for supporting said transducer structure.

8. The combination as set forth in claim 7 in which
said supporting means includes at least one handle.

9. The combination as set forth in claim 7 in which
said supporting means is a cable for supporting said
transducer structure.

10. The combination as set forth in claim 3 including
a housing for all of said cores and potting compound in
satd housing and surrounding said cores, said potting
compound comprising said preventing means.

11. The combination as set forth in claim 10 in which
said housing is circular with means thereon for support-
ing the same in a circular bore hole.

12. The combination as set forth in claim 3 in which
sald cores are in the form of slats on which said wire is
wound, insulating strips between said adjacent turns of
wire on adjacent slats, and a generally rectangular
housing in which said slats and strips are housed.
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13. The combination set forth in claim 1 in which
said hot junctions and cold junctions are mounted on

said mounting structure with an aspect ratio in the
range of one to six.
‘14. The combination as set forth in claim 13 wherein

said mounting structure has a heat resistance which is
similar to that of the surrounding earth strata.

15. The combination as set forth in claim 13 wherein
said mounting structure is surrounded by a material
that has a heat resistance similar to that of the sur-
rounding earth strata and functions as a guard ring or
zone for minimizing heat flow fringing.

16. The combination as set forth in claim 1 in which
said mounting structure has a horizontal length greater
than said vertical dimension.

17. The combination as set forth in claim 1 in which
the ratio of said vertical dimension to said horizontal
length is within the range of (.1 to 0.5.

18. The combination as set forth in claim 2 in which
said blanket has a relatively small heat diffusivity and
has a thickness less than one foot.

19. The combination as set forth in claim 18 in which

. said blanket is a mixture of materials having a low
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equivalent thermal conductivity and a high equivalent
thermal capacity in the order of 0.038/32 Btu/hr ft. °F
and 32 Btu/ft. 3 °F.

20. In a system in which it is desired to ascertain the
flow of heat from a subterranean geothermal heat
source wherein the improvement comprises a generally
planar geothermal heat transducer structure encom-
passing a large area through which heat flux from said
source flows and a multiplicity of thermal hot junctions
and associated cold junctions uniformly disposed In
said structure throughout substantially all of said area,
said hot and cold junctions being on a mounting struc-
ture which has a vertical dimension in the direction of
heat flow at least equal to the horizontal width of the
structure and companion hot and cold junctions being
spaced a distance equal to said vertical dimension, said
heat transducer structure being on the earth’s surface
but being covered by a blanket for substantially mini:
mizing the effects of diurnal and seasonal variations or
said transducer, said blanket having a relatively smal
heat diffusivity and has a thickness less than one foot
said blanket being a mixture of matenials having a low
equivalent thermal conductivity and a high equivalen
thermal capacity, said mixture being closed cell insulat
ing foam and water.
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